Manzella et al.
5

Experimental Method and Scaling
The experimental configuration is similar to that of previous studies (Hoyal et al., 1999; Linden and Redondo, 1991) with an aqueous suspension of water and spherical glass beads (manufacturer; particle density = 2550 kg/m 3 ) initially overlying a higher density sugar solution, with both solutions containing small quantities of Calgon deflocculant. The experiments were conducted in a Plexiglas tank of 50 cm height x 30.3 cm width x 30 cm depth with a removable horizontal barrier positioned 25.1 cm above the tank base (see Fig.   DR4 ). For these experiments the depth of the tank was restricted to 7.5 cm by the insertion of vertical plexiglass plates above and below the barrier to form a false back wall. The barrier was made from a flexible PET sheet that moved between recessed guides in the tank side walls, which were horizontal across the depth of the tank, and which curved to vertical orientation behind the false back wall, to allow the sheet to be removed from the tank top (see Figure DR4 ).
At the start of the experiment, the upper layer was either quiescent (i.e. no external forcing of the suspension, but with particles fully suspended by previous stirring) or continually mixed using a rotary stirrer, and the experiment was initiated by the removal of the horizontal barrier (see Fig. DR5 ). The plate was withdrawn slowly from the tank top, to open the horizontal gap between the upper and lower layers which extended 7.5 cm. In this way, minimal disturbance to the layers resulted, and the timescale of opening was short with respect to that of finger formation (Parsons et al., 2001) , thus shear between the layers was negligible.
The laboratory experiments are conducted with a fixed volume of water and particles, and fingers propagate vertically downwards below the upper layer. In the field, the volcanic ash cloud and the fingers are both moving horizontally at the wind speed, and the fingers propagate vertically downwards below the ash cloud (Figures 1 and DR1) . The experiments thus mimic this behaviour in a Galilean frame moving at the wind speed. In both the experiments and the field (in the sense of moving at the wind speed), there is no net horizontal supply of particles into the destabilising PBL. Over the timescale of finger propagation, there is no significant net vertical supply of particles into the PBL from the overlying suspension due to the low settling speed of the particles. The continually-mixed experiments mimic the turbulent dynamics found within a volcanic plume. Following Hoyal et al. (1999) The regions of the tank where measurements were made were limited to the zones where these edge effects were minimized (Linden and Redondo, 1991) , excluding zones close to the stirrer and the contours of the upper and lower layers.
During the experiments, temperature remains constant over the whole tank, and the diffusivity of sugar is relatively low (diffusion coefficient=0.5 x 10 -5 cm 2 /s), so that settling is the dominant process causing gravitational instabilities (Hoyal et al., 1999) . The sugar solution was used to ensure that the lower layer density exceeded the bulk density of the upper layer (to avoid large scale convective overturn) and had a constant density of 1008.4 kg/m 3 , as compared to upper layer densities of 1000.0, 1000.6 and 1001.2 kg/m 3 , for particle concentrations of 3, 4 and 5 kg/m 3 , respectively.
The initial density of the particle suspension in the upper layer is calculated by:
where ρ l (kg/m 3 ) is the density of the fluid without particles, ρ p (kg/m 3 ), is the particle density and x p is the volume fraction of particle. The particle size distribution is characterised by mean diameter of 45 µm, and 10th and 90th percentiles of 33 µm and 63 µm, respectively.
The experimental tank was backlit and filmed using high-resolution video from the front, to allow the evolution of concentration in each layer to be measured using calibrated pixel intensity levels.
The dynamic conditions in the experiments are similar to those for ash particles and finger instabilities in volcanic ash clouds. In the experiments, the particle settling speeds for diameters from 33 to 63 µm, i.e respectively 10th and 90th percentiles, are 8.8 x 10 --4 to 3.2 x 10 --3 m/s, which is less than the finger speed (consistent with finger formation) of respectively between 10.4 to 13.5 x 10 --3 m/s computed according to the equation 1 in the manuscript.
The particle Reynolds number is 0.03 to 0.2, consistent with Stokes settling. The particle Stokes numbers are about 2 x 10 -4 in the propagating fingers in the laboratory, which is in the broad range assessed by Carazzo and Jellinek (2012) for natural umbrella clouds. In both cases St<<1, which means that particles remain coupled to the motion of the fluid. Following
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Carazzo and Jellinek (2012), we calculated the Sedimentation number Σ as approximately 2 in our laboratory experiments, in the broad range of volcanic ash clouds and in a regime where there is a strong two-way coupling between fluid and particles (Carazzo and Jellinek, 2012) .
The finger Reynolds number attainable in the experiment was of order 100, so as for the field case, the dynamics are not viscously-dominated. The particle volumetric concentration in the experiments was of order 10 -9 as compared to 10 -6 for the field, so both suspensions are highly dilute. Grashof numbers are of order 10 8 , which is lower than estimates for the field in the range 10 15 -10 20 (Carazzo and Jellinek 2012 ) but still significantly above 10 3 where balance between buoyancy and other viscous forces is similar. This value has been thus used for the error limits shown in the plots in Fig.3 , Fig. DR6 and Fig. DR7 . In addition, this method is very sensitive even to slight changes in the light emplacement and intensity and for this reason a large number of experimental runs were necessary to obtain reliable measures.
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